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Surface Aotigeaic Profile and Globin Phenotypc of T^o New Human 
Erytbroleukemia Lines: Characterization and Interpretations 

By Thatio Pctpayannopoirfou, Betty Nakamoto, Sumiko Kurachi, Mary Twooddste, and Hans Mesancr 



OotaUed charactarization of the compo«lt« phanotypo of 
two nftwfy estabrishad erythrolaukomia linA* (OCIM1. 
OCIMZk »bom th^l th©»© linos *htaro many orf rhalf ory- 
throid maiiceri (ia. surface antfoant and globin program) av 
wan oa aavaral of thair nonarythroid propartiAft (myaloUt/ 
monocytie/magaluiryocytie) wath tha two known arytHrv- 
laukamH rmoa (KBSZ, HEL). In addition, aach dUptaya noval 
and Inktrtictiva fo»tura», W« offlua that tha «urfaeo and 
globin phenotypa of all arythrotaukamia l»na» is nonrandom 
and that it mmy ba of phy*ro(ogiG rofavwnca: It could 

HEMATOPOIETIC IcuVwnic celt lines h»ve been con- 
sidered lo represent cells early in their differentiation 
pathway and to display several properties presumed to be 
present in norma! hematopoietic stem ceUs.*'* Although the 
faithful representation by the leukemic Unes of normal 
progenitor properties has been <iuestioncd,* their exploitation 
for the creation of immunologic, biochemical, and molecular 
probes valuable in the inquiry of normal differentiation 
processes is of undeniable utility. Numerous human leu- 
kemic lines of lymphoid or myeloid origin have been 
described to date, but only very few human crylhfoleukcmia 
lines** have been reported thus far. The latter represent 
valuable cellular models for studying aspects of globin gene 
regulation and erythroid cell differentiation- Wc have 
jQ;cmi\y adapted to continuous cell culture two new human 
eryihrolcukemia lines* and wish to present data on the 
characterization of these lines. By comparing them with the 
prcvioiis erythrolcuktnnia lines, we point out both their 
common and their novel features and attempt lo interpret 
their composite phenotypc 

MATERIALS AND METHODS 

Bstahihhment of tht two ^rytkroUukemia lines. OClM I celli 
were originally derivBd from tht leukemic blasts of a 62-year.oId 
patieoL who developed cryihroleukemi* fol lowing a 7-ycar chloram- 
bucil treatment for his chronic lyitiphocydc kukcniifl^ These cells 
have bcca in coatinoous culture for approximately 3 'A X^rs. 
OC1M2 cells have been ia coniinwous culture for approximately 3 
ycHrt. They were derived from a 5fr-year-old patient whh erythrolctt- 
lunnia, wbicli rcipresented the end stage of a previously identified 
myclodysplastic syndrome. Leukeiric Cells frofn these two patients 
were initjally cloned in methyicellulose media. Subcloninp cxpcrt- 
menu were repeatedly performed, and hcPHhy mclbylccltulose 
clAAes, after serial parages in temtsolid media, were adapted lo 
siupcn^ion cuUutc*. Both lines are currently maintained in Iscove's 
modifiod IHIbocco** medium supplemented with 10% fctel calf 
scrum, 46 ^mol/L 2-mercaptoethano!, and antibiotics. 

Bcnxidine stmrnrtt- The |n-e:teACe of heme or hemoglobin in 
these cells was evaluated by benzidine staining in either cell sunpen- 
sion'" ox in fixed cytocentrifuge smcarsJ* 

Hemogtohin analysis. Quantiuiive measuremenu of hemoglo- 
bin ^erc done in lysatcs of induued and uninductd cells by a 
spdctrophotomctric method." IdenliScation of particular hemoglo- 
bin species was carried out by ifioclectf Ic focusing in polyacrylamide 
gels as previoully described." Hemoglobin bands in these gelt were 
vbuslixcd by bcozidinff Staioing- To determine the identity of the 
Stained hemoglobin bands, individual bands from hemoglobin gels 



rapreaent tha moat pravalant phanotyp9 of ceUa trnna- 
formed by laukamia in vivo, and it r«i«oa tha poaalbility that 
calls with aimllar patantiala eatiat trenaiantly during normal 
hamatopoiatic diffarantlaiion hafora thair irrovoraibla 
commltmant to a «inBla Imaaoa. Aa ©uch, thaaa calls 
damonatrata a graatar phanotypic wlaptabllitY m vitro than 
do thair ainola linoaga-oommttt«d eountarparta atnca thay 
can diffaramiata toward mora than on a nneiigo, 
e 1998 by Grvn^ & Sr^airon^ Inc. 



wcrr spliced and run in denatured NP^ urea gels lo identify their 
constituent globin chains. 

Clottin chain analysts. To &ep&rikte globin chains from the 
lysates of induced or unlnduccd cells, *H-tcucine-labc|cd cells were 
subjected to tsoeleciric focuuing aocordins to previously described 
methodology.^' Before running, glt^bin was purified through Unding 
to immobiliied haptoglcbin." After isofocusing* the gels were fixed, 
treated with En'Hancc <DuPoni. Boaion). dried, and subjected to 
fluorogntphy and densitometry as previously described.'* 

lminun<^UQrfsf€acc with antiglobin ch^in antibodies, Cyto* 
ccntrifuged smew of uniftduccd or induced cclU were fiatcd in 
mcihanol and reacted With antigtobirt chain antibodies" in an 
indirect immunoAuorescence assay using aatimouse igG (Fab*), 
conjugated to fluorescein IsothtocyunaU <F1TC). Two monodonal 
antibodies (MoAbs)» one specific for y chains, the other for ^6 
chains, were used as wdl as a monospecific polyclonal antibody 
against C chains, kindly provided by Dr D. Chui." 

Surface immunqfiuorefcetw^ iabeling. To study the auiface 
antigen profile of these two leukemic lines, several previously 
characterized antibodies specific for dthcr mycio/ monocytic cells, 
lymphoid colls, megakaryocytic cells, or erythroid cells wcanc used. 
Evaluation of labeled cells was done in a fluorescent microscope and 
by ftuorcmciric analysis in a floorcscenco-aciivated cell sorter 
(FACS: Ortho DiagAO^tiw system. Westwood. MA). The antibodies 
used, their specificities, and sources'***' are displayed in Tables I 
through 4. 

AilastimulaUoff, Peripheral blood mononuclear cells (PBMC) 
were purified from diluted, heparinizcd blood by cenlrifngation over 
tymphoprep (Nygaard &. Co, Oslo) for W minutes at 400 g. 
Interface cells were washed three times and rcsuspended in RPMI 
1640. 25 mmoI/L HEPES, 20% heat- inactivated pooled human 
male serum. 10 lU/mL heparin. 50 !U/mL penicillin, and 50 
Mg/mL streptomycin. 
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T«t>l»1. Antl6»r*«U»d 
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eQ.3 (CDwIBt 
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PGP-Mb/llla IAP-2, 13. It 
PGP-lt». (rabbit enU-PiSP-tb, C7E10) 
10-? $-3 

Thromboapondin 
von Wfflebrand loctor 

Campath I 

3A1 tC07^ 

T1,T3.T4.T6,T8, TIO.Tll 
T-200 
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Anti-toG 

B4 

PtusAS inificais ihe degrM ol pWiiWity aa judQad 6y Unmunofhiorwofirtcc 
1O0%l. 

AbbfoviBtion: ND. not datarmirwft, 
•Kindly donalsd by Of Bomatein, Srtnlft- 
fOrtho DtagnoMic Syaramfi. Rvitan. NJ. 

^Sflcion Dtd(invon Imnuinocvtomalry Sy»Ta«is. Mountain View, CA. 

For primHry proliferaUon n4*ay9» 5 x lO* PBMC were cultured 
lor si* day« with irradiated (1 ,500 to 3,700 R> stimulators in 96-wen 
round-boltomed platta. All cwHwres were incubated in humidified 
5% CO, and pulsed with I HCi-tritiatetl ihymidiuc (New Ensl&nd 
Nuclear, B»ion) for Tour houri before harvesting in A PHP cnathine 
tCambridge Tpchnology. Waienown, MA). Inwporaiod radioac- 
tiviiy wa* measured with a Packard liquid idniillatHsn counter 
(Packard InstrumcDt Co» Downers Grove, IL). Data repre*ent 
mcart* jr SE of triplicate cuUufcs. In somt experiments^ purified 
human intcrlcu^n-2 (Gens&ymc, Bcssion) supematants from coi>ean- 
avalin A- or alio activated PBMC or B-lyrophoid line culture 
supematanu were added a? a source of a "aecond*" aignat «o that Ihc 
absence of pralifertkliork was not due to misstng tymphokine(a). 

Cytochemicai twfning. (nducisd and uoinduced cell* from ihc 
two line* were sUined for PAS. myeloperoxidase, nonspecific ester- 
eae (alphanapbthol bulyrase), and chlofoaceiate eAitraac as 
described.'' 

aoning txp^iments. Cell* from tvwj leultemic cell lines were 
cloned in mcthylccliulote media, and single clones were transferred 
to secondary plaic* and svbcloned at leait twice to tecwre the 
singlc-ccll origin of the clones. Individual clones, if de*ired, were 

TabiB 2. EMH-Maton HLA Antiponv *n ErytbfofukanUa Linfta 
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expanded Jn suspension cultures and induced with jwveral inducers to 
evaluate gtabin expression or benzidine pojiiivity, and ihey were 
compared with parental celb. 

Induction rrgim^n. Several inducers of erythroteukemic cell 
lines were studied on ihc basia of prcvioai information with murine 
and human eryUiroleufcemic cell*.** The various inducers, at prede- 
fined concentrations void of ewoe^ive loxiciiy, were added to cells at 
logarithmic-phase growth, and Ibeir elTeCtS on globin and heme 
syntbests were tested from one to five days in the presence of the 
inducer. Apart from the globin or hemo(^biP inducers, both lines 
were treated with phorbol myristaic acetate (PMA). and its effecu 
were Btudtod two days following its addition- Changes in adherence, 
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Table 3. Stlmutvttno Potential of OClMI in ^Imary 
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•EK»orimentS wara pertormed by GayJo C. Baldwoin in Or B. Tcrok- 
Storb's iBborBtory. Data Wndlr prOvidao to ua Dy Or B. TorOk'Slofb. 



^xpe^mams war* pwformad by Gayfa C. eald«r6tft in Or B. Toroh- 
Siorb'a taborotorv. paia ktrtdtv provided to ua by Or B. Tor^-^Orti- 

*Ra^>ondar to •timulalor ratio (6 x 10* responders lo 1 x 10* 
irradtatad stimi^aiara}. 

-fPOMC^ PQMCe ^om individuoJ (A or B) miematchod ^or tX\ HLA 
antifians. 
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SURFACE ANTIGENS AND <3L08lN EXPRESSION 



TMm «, Ervthrsia Surfava Antlg»n Profile 
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proliferative polcnlial, ftrni surface antigen c»prcsiion were studied, 
M^rlhodologic deiatls for ibc»c smdics have been prcviowly 
described.*'-** 

Prrparati&n of RNA and SI nuclwMv afuilyiis. Total celluUr 
RN A was prepared by cell lysis tn 4 mol/U gnankiine hyarochbridc; 
thU was follawed by cetium cbk>ii4e gradient (2 g/mL) ccnUifttga- 
iion 0t 52,000 % for 40 houre. The ItNA pellet was dissolved in 2 mL 
ot byffe? coniaining lOO mrtftOl/L NaCI, 10 (nnnol/L Trii-HCL pH 
7.5, 1.0 mmol/L EDTA. and 1.0% 50dium dodecyl sulfate and, 
following phenol cxiraciion, was twice preripiuied in eUianol and 
stored ai -70H:. After ccntrifugaiion, the RNA was dUfiolved in 
water and wa» used for S! nucleas* analysis. A uniformly labeled 
M 1 3mp7 probe specific for 0- and -y-globin RNA and hybridizniton 
conditions were as described in detail previously.^^^ 

RESULTS 

Gtowth requir^rn^nts and clono^tnic potemhi of the twQ 
^rythtoleukemia lines. Primary leukemic cclU from the 
two txilienu were initially grown in clonal meihylccUuJosc 
cultures. During this lime, there was an Absolute dependency 
on the use or prcscrecncd human plasma (either aplastic 
plasma or. rarely, normal plasma) for successful growth. The 
presence of 30% human aplastic pl&sma not only afTonlod the 
highest plating efficiency (-30%), but the colonics were 
larger, and several ihcm acquired a reddish color and 
hamoglobinization. The addition of exogenous erythropoietin 
(Epo; up to to U/mL) or other growth factors in the form of 
conditioned media from the Mo cell line or phytohemagglu- 
tinin -lymphocyte-conditioned medium increased neither the 
size nor the number of colonies over that observed In aplastic 
plasma. Healthy mclhylcellulosc clones were repeatedly 
propagated in mcthylcellulose media, and multiple attempts 
were made lo lift mcthylcellulose clones and expand tbern in 
suspension culture. This was nnt successful initially- How- 
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ever, after repeated replaiings and clonal selection it was 
finally successful. Cells in suspension were imtially main- 
tained in the same media as in clonal cultures. Later, 
however, these cells were gradually adapted to the presence 
of normal human serum or fetal calf serum. Cells in suspen- 
sion culture reach a saturation density of 2 y XO^/toX. and 
reqtiire a change of mcdU about twice weekly. No significant 
differences between the two lines in cloning efficiencies (26% 
and 30%, respectively) in semisolid media were observed 
initially, and both were dependent on prescrecned human 
plasma. However, OCIM I was distinguished by the presence 
of several hemoglobinized colonies that were absent in 
OC1M2- Hemoglobinized (red) colonies from OCIMI were 
propagated separately from colonies nonhemoglobinized 
(white) in this cell line, and they arc called OCJMl and 
OCIMUR hereafter. 

Morphology and cyiochemical characteristics. The 
appearance of OCIMI cells in standard smears is tjuite 
characteristic because Of their large siw (average size, >16 
/im), their nuclear morphology (large nuclei with sharply 
stained nuclear membrane), and a tendency to form mulUou- 
cleaied large cells. OCl M2 cells, on the other hand, arc much 
smaller (-11 ^m) and have intense basophilic cytoplasm, 
large nuclei, and a larger nuclcar/cytoplasmic raUo. The 
cytochemical characteristics are summariaied as follows: 
both OCIMl and OCIM2 cells are peroxidase- and chloro- 
acclate csterase-ncgative, but they are virtually all PAS- 
posiiivB and nonspedfic esterase (alphanaphthol butyrasc)- 
posilive. The cytochemical properties of the two cell lines 
reflected, by and large, those of the leultcmic blast cells of the 
patienu (dau not shown). Erythrcid induction did not 
basically change these cytochemical features; however, 
reduction (by 40%) in PAS positivily was observed in both 
lines postinduction. 

Surface antigenic phenotypt of OClMt and 
OCIM2. The surface antigens CKprcsscd by OCIMl and 
OCCM2 cells were studied through the use of MoAbs or 
polyclonal antibodies with specificities against cells of lym- 
phoid, myeloid, platelci/megakaryocyiic. or erythroid Hn- 
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cage (Tables 1, 2, 4, 5). Amigens preseni Ort more maiufc 
granulocylic cells and detecicd by MoAhs IG 10 or My-1 arc 
virtually absent in the two leukemic lines (Tabic 1). How- 
ever, antibodies recognizing dcierminants present in imma- 
lure myeloid cells (My-7. My-9. My-lO) are reactive with 
these two cells lines (Fig 1 A). Reactivity with My-lO h of 
iniertsi since Only KG la cells were previously reported as 
positive." Regarding the megakaryocytic aerie*, one poly- 
clonal antibody and three MoAb:» against the glycoprotein 
! lb/ Ilia attd one polyclonal antibody and two MoABs 
against glycoprotein lb were tested (Table 1). OCIM2 is 
strongly reactive with all anli-glycoprotcin Ilb/llla antibod- 
ies (Bg IB), whereas OCIM i is only weakly reactive. Weak 
10 absent reactivity was also found with anti-POP lb in both 
cell lines. All antilympboid antibodies tested were found to 
t>e negative in these two lines (Tabic 1), 

Both lines are strongly positive in HLA-ABC determi- 
nants, but they differ in the expression of HLA-D region 
determinants (Table 2). OCIM I cells arc virtually all posi- 
tive in HLA-DR and HLA-DP (Fig 2A) and about 30% to 
40% positive in HLA-DQ antigens when using antibodies 
with previously characterized specificities (Table 2)* To test 
whether the DQ antigen functions in alloreactivity settings 
three independent experiments were set up by using several 
combinations Of stimulator and responder populations from 
peripheral blood as described previously in similar experi- 
ments with HEL Cells.** From the data in Tabic 3, it is 
apparent that OCIM 1 cells can elicit alloreactivily responses 
since they stimulate the proliferation of mismatched lympho- 
cytes. 

The pattern of reactivity with anttcrythroid monoclonal 
antibodies was studied in detail (Table 4). The majority of 
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GREEN FUJORESC£MCE 

fka 31. (A| FluoT**c*nt prufOmm of OCIMI, OCIMZ. HCL, wKl 
KW2 e«rtm after M>«l(nfl whH ma w»tt-HLA-OR f ran>»work Bntlbody 
(4.1 }. OCIMI aytpAvs to b* vtrongly rHCttvO t^lth this mntlhod)^, 
whO^ Hfit cMim mrm parttoWy rMctiw^, ttfid OCIM2 and 1^662 mrm 
nwr«ftCthr«. |B> PreW-m o# OCIMI ond OCtM2 ovIU UhtAod with 
ih» tMtin Vf^m leutopmmum I tbMrttf antioen H) «M|uoat«d to FITC. 
A strong rM«ttwlty with OCIMI bat not OCIM2 Is notod. 

cdlfi» especially in OCI M 1 and less so in OCI M2» arc positive 
for antiglycophorin MoAbs. Both lines are also widely reac^ 
live with the anUerythroid antibodies Ep-I and Ep-2** and 
partially reactive with a MoAb (SFL 23,6) against an 
antigen present in the late, differentia led erythroid scries." 
In addition, the lines rcaci significantly with o group of 
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Fig 1 . P AC9 Fr<^i*» of OCIMI mnd QaM2 cttor t«tr«|l»0 wHh 
MoAt»* My 10. M ■nti-GPIIb/mP (B) foBowwJ tiy l«G 

(Fab'lk-Firc Shodad nroa* ar* profit** el th» aamo o«II» lobelod 
with 9t\ Irralovant antibody oi tha sama ia^^tVP* and tha aania 
saeofMl antibody. lAl SlgnHicant rOo«tivltV is otwarvad with ontl- 
bo<Ka* raactlrtg with aarty rr»y*ioid caOs* ia, My-10* My-9, My-7. 
but virtuatly 00 r*»CTivlfy wu found with My-1 or 1iSlO» la, 
antioetu praiant on mora niaiura myaloid C^lls (Tabia 1|. (0^ 
Raactlvttias of OCIMI and OCIM2 calls with aott-vhrcoprofaln 
Itti/lllA (AP-21 mrm oooipa-'ad with thoaa of HEt caUa tabaiad with 
tha aama antibody. 
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GREEN FLUORESCENCE 

fig 3. Fhjoraacant profilai of DCIMl and OCIM2 o«ll» labalad 
wKh ami-i (aAti-i Dan, 1:2.000 dilution) and antH |ontl-l Ma. 
1:1 .000 dihitkm) and amlhuman 1bM-F»TC. Tho atren9«r r*ftetrwtiy 
of OCIMI c*lli Aoabwt ant^-l as comparad with ort»i-l avidant. 
How*v*r, parantal OClMI call, ara aqaalty raacthra with bath 
anttbodiaa (k»w«^ laft panall. Tha pattam ii rav«r*»d in OCIM3 
oana In which raaClK^lry with antt-t prada«»iAataa (iipp«r riQht 
panall. Tho panal In tha lowar riohi comparaa tho raacthrttiaa of 
OCIMI and HEU aoi>*'»t antH: HCt fsaHa ara nagativa in r m*p^%- 
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MoAbs poiitivc against normal efyihroid cells." Rcgardiflg 
blood group antigens, there is strong reactivity against 
anti-H and anti-I in the OClMl Cells (Figs2B and 3), Anti-I 
reactivity exceeds the anii-i reactivity, thus pres wiling a 
pattern characteristic of the adult crythrcwd celli. OC1M2 i& 
i-posiiive and has only a minor population reacting with 
anu-!, thus resembling K562 cells in iia paiiern of i] reactivi- 
ty; HEL cells arc virtoaUy negative for I antigen, but they 
are all positive Tor i antigen (data not shown). 

Expnssion of h€r*i$ and globin. There was a very low 
proportion of benzidine^positivc cells (0.0% to 0,5%) in 
parental cells from both lines, but significant benzidine 
positivity (1% to 4%) was found in seteclcd populations (eg, 
OC)Ml-R) before induction (Tables 6 and 7), benzidine 
posiliviiy in fixed preparations of OCIMI cells showed a 
somewhat unu&ual paiiern in that the nuclei were strongly 
positive, often more so than the cytoplasm (data not shown). 
Determination of hemoglobin content showed that nonin- 
duced OCIM I cells contained, on the average, 0.1 pg hemo- 
globin/cell, while much less than that was found in OCIM2 
(-0,02 pg/celO- Several crythr oid inducers previously found 
to he effective in other cryihrolcukemia lines CMEL» K562, 



HEL) were tried with these two lines (Tables 6 and 7). Best 
induction of both heme and globin was afforded by the 
addition of J-aminolcvulinic acid (i-ALA), which increased 
the hemoglobin per cell up to ten times. Not only was 
efficient induction achieved, but the viability of cells and 
initial proliferation in both tines were not affected by this 
inducer. Cell lysates from 5-ALA-induccd cell lines were 
subjected to isoelectric focusing in polyacrylamide gels fol- 
lowed by beazidine staining to identify the hemoglobin 
species present in these cell lysates. As seen in Fig 4, OCIM 2 
produces mainly HbP (ajYi), Hb Ban's {ja). and Hb 
Portland (fjTa); OCIMI cells produce predominantly HbF 
and Hb Bart's. In addition, a band in the position of HbA is 
notable. Subsequent analysis^ however* of the globin chains 
present in this Hb band disclosed the presence of modified t 
chains (acetylatcd) rather than § chains (data not shown). 
Furthermore^ when whole-cell lysates were run under dena- 
tured conditions »n the presence of NP-40-urca» no iS chains 
were present in both cell lines, whereas there was an abun- 
dance of 7 chains, « chains, and in OCIM2. f chains and 6 
chains (Rg 5, Fig 6» left panel). 

The presence of globin was also tested at a cellular level 
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Fib 4. H»mo0lobiri IwMlvctr^ focusing of c*0 tytatai from 
a-ALA-induowi OCIM1 wid OCIhAl csfte, Th* SbI« w»rv »t«Jn»a 
with bvnxidlAB to id«fil^ hwnofflobin taands. A» <:(Mivoli, • mU- 
tur* of HbA MM) HbF wai u«*d wril tfttfucact c«tt>. 
DaflnKtvv W»«Tl«c»tiofi ol <n*Wr h»m*«l6Mn twhd* *ri OCIM1 Bnd 
OCnWIZ W«» <ioiw by cutting th* indivMiMt bind* •nd aublMitino 
th*kM TO lH«4«etrle <Dcu>big bi NP-^O-ur^s to Mparvt* thoir 

ihrough ihc use of fluore&ccnt antiglobln chain MoAbs 
(Table* 6 and 7). Before induction* a AignSficant number of 
txlU were posUWc with anli-^-globin MoAbs (up to 45% in 
OCIMI aiKi up to 25% in OCIM2 cells). OGIM I cclb wtre 
negaiivc in snti^^d- and anti-r-globirt antibodies; however, 
OCIM2 cells bad positive cells with both of these antibodies, 
and positivity increased further postinduction (Table 7). 
Since j3 chains were virtually absent by isoelectric focusing in 
OCIM2 cells and the antibody used reacts with both ^ and 5 
Chains, the positivity seen with the antibody is attributed to 
ihe presence of 6 chains. This was further v&rificd by Si 
nuclease analysis using and ^-specific probes (Fig 6). 
Although significant levels of 6-mRNA were found in paren- 
tal OCIM2 cells and the great majority of its subclones, 
^mRNA was not dctccicd (Fig 6, middle panel). 

In addition to single in(\munofluore«cence labeling (with 
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tAOotoocrki focu«ifig of gli^U* choin» of OCIM2 paromal coMa ond of 
four aubolonfrS. AM .ubolonoi» produw y chalna; >ww«v«r, 

•ittromo vorlodona kn rolotiv* proporttoni of * Ccloo. T). i 
■nd 131. fcrid f Iclono Ibl proaont. (Middlo and righi ponol) SI 
mMiloaa* mlyMS ef fi- »nd ^-globin gono o^pf^Miofi In O OCIM2 
•ubclon«i IRM. boi»a morrow, 2 total calluiar RMA: elofwa, 
figl. WMn • ^apOoWiG probo wo* **Soii. no ^-mtWA waa dotoetod 
panell. By fwrntrBol, tlg^iHicaiit lowola of *-mRltA w«r« 
dotoetod Iriffht panOl) in TbO majority of tbo aubolOrtOS. 

anti-P* or anti-Y)> double-labeling eitperimenu were done 
after induction (ic, cither anli-7-FITC followed by anii- 
/W-fhodaminc or anti-f + antirobbil IgO-FlTC followed by 
;96-rhodamine). In OC|M2» the eatpression of adult 
globin was, by and large cellularly segregated from t- (Fig 
7) or r-gk>bin (data not shown)- To test whether the different 
cells in OCIM2 had distinct, stable, and heritable patterns of 
globin expression, wc subdoned the original population. A 
total of 15 subclones were analyzed by aniiglobin inamuno- 
fluorescencc, nine by S I nuclease analysis, and select ones by 
globin chain isoelectric focuwng. All wibclones contained 




Fig 7. immunolluoroocenco lab*ling of Induood 0«M1 and 
OCIM2 €•«» with amIgloUn oham antlbod*«. CA| Laboling of 
DCIM1 o»tl» by onti^y-FrrC. Moto ai» onuauol promlnonco In 
niKloar siotntng. {Niwlol oUo atsin paslilwo whh bonaldino; a*« f h« 
t»«t|. tBI LaboGng of Inducod (*-ALAJ OCIM2 colli with ontl-J". 
antirabbh IgO-FITC, About 26K potltiv* coHa ar* soan. <C and D) 
tkiubta lBb«1lng 0f OCIM2 oolla wf«i onti-^^-rhodamino (C) and 
anH-7"PtTC <D}. Bright, ^i-poaltlvo calU in C lotiown by arrowa) 
can ba traeod In D (arrow* »ft tha sainO colU mm Cl. and thoy or# 
targoly untabolvd by sntl-^. 
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7-elobm and in various proportiorUi the other gksbin spccica 
(Tablfc 8). Extreme variations included the virtual absence of 
a chains or high levels of a or f chains in some subclones (Rb 
6, left panel). Distinct, c]LClu$ive gtobin patierns (ic, only 
adult* only fetal, or only fetal and embryonic) were not 
found. 

Tr&atmenr wUh FMA , Trea iment with phorbol esters a i 
doses from 10-' through 10^* mol/L PMA induced changes 
that were very similar lo the ones previously seen in K562 or 
HEL cclls.*'*^ For example* following trcaiment of OCIM2 
with PMA for at least 24 hours, the nf>ajority of the cells 
adhere to plastic surface with subsequent spreading (over 
SOX of OCIM2 CelU became adherent but only rare OCIM 1 
cells following PMA [ J .6 x I O"^ mol/L] treatment). Consti- 
tutive levels of globin expression (assessed by the proportion 
of -y-globin-positiv*; cells) were decreased in both cell lines 
after treatment, and the cells became rcsisunt to subsequent 
globin induction by an inducer. Specific changes in surface 
antigen expression (Table 5) included enhancement of 
CPHb/Ula expression, some augmcnUlion in GPIb reactiv- 
ity when a polyclonal antibody was used, and a relative 
decrease in HLA-DR expression in OCm I ccllfi. 

Phenoiypic changes ov^r time. Since the initial charao- 
terization of the OCIM1 and OC1M2 cells during the first 
year of their establishment, a few changes have been 
observed after 2 additional years of culture. In OCIMK a 
progressive decrease in the number of cells with constitutive 
and inducible exprcs$ion of hemoglobin has become appar- 
ent. As a result the cctb produce fewer red colonics in the 
donogenic assays, and there is a reduction in henrwjglobin 
accumulation (red color) following induction. However, it 
has been possible to select reddish colomes and maintain 
them by subcloning a population similar to the one originally 
selected. On the other band, OCIM2 was initially character- 
ized by severe heme deficiency, as indicated by the very low 
number of bcniidine-posiltve cells but a high number of 
globin cells following induction. However, following per>is- 
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lent efforts, it has been possible to isolate populations that 
become visibly hemoglobinized upon induction. Recent data 
show up to 41% bcnzidinc-posittvc cells postinduction in 
these highly inducible cells (OCIM2-R. Table 7). Thus, the 
atelity to Bccumulaie hemoglobin in these two lines as well as 
in HEL celU has not been a sUhlc property. 

DISCUSSION 

All the crythroleukemic Unci described thuB far. including 
the ones in the present report, appear to display a gradation 
of properties present within the eryihroid lineage from the 
early progenitor stage (ic. HLA-DR or My-10 antigen 
expression) down to terminally differentiated cells (ie, pres- 
ence of glycophorin. hemoglobin, etc). Such a combination of 
"^early-only** and "late-only" differentiation markers 
deviates from the normal iniralincage differentiation 
sequence and highlights the failure to complete the differen- 
tiation process that appears to be the hallmark of the 
leukemias. In addition to the common properties some of the 
lines have distina features. The OCIMl line is of particular 
interest for its unique combination of surface antigens. For 
example, the il antigenic determinants are displayed with a 
normal adult ratio, ie, predominance of I v i expression. This 
pattern conlrasu with the virtually exclusive presence of i in 
all other lines (K562, HEL, OCIM2. LAMA-a4) and ren- 
ders OCIM I a valuable cellular model id studying the 
branching enzyme responsible for the conversion of i to Mt is 
of note, however, that despite the expression of the adult il 
phcnotypc. which is characteristic of mature aduh precursors 
and red cells, the line docs not produce adult hemoglobin. 
This maiurational asynchrony or uncoupling of globin 
expresHOn and tl surface antigens, most likely consequent to 
their leukemic tr^ns for nf>a lion, is compatible with the inde- 
pendent regulation of il determinants and globin type as 
shown previously.^' 

The expression of functional HLA-DQ antigens in 
OClMl cells is novel and possibly instructive. In contrast to 
DR and DP, DQ has not been found In the other eryihrolcu- 
kemia lines. Low levels of expression of DR and DP antigens 
have been found in HEL cells,"** but DQ expression was 
absent both at the protein and mRNA level, and the cells 
were unable to mduceallostimulaiion.** There is some ambi- 
guity In the literature about the presence of DQ in normal 
hematopoietic progcoitors." *' and this is likely attributed to 
overlapping specificities of the antibodies used. Recent evi- 
dence, however, suggests that DQ is present in some CFU- 
GM but probably absent in BFU-E and CFU-GEMM." h is 
thus unlikely that the presence of DQ in OClM I Cells is part 
of HLA-D region expression at some &lage of crytbroid cell 
development and possibly denotes a tendency for lymphoid 
or. more likely, monocytic diffcrenlialion. Of noic, there was 
DO evidence of any lymphoid aniigcn expression (Table 1), 
terminal dcoxynucleolidyl transferase reactivity, or T-cell 
receptor 0 chain rearrangement in these cells (data not 
shown). In general, the patterns of expression of HLA class 
II antigens in the crythroleukemic lines (ie, DR/DP in HEL 
and LAMA-84 and DR/DP/DQ ift OCIM 1) do support the 
view thai DQ antigens are regulated independently from DR 
and OP as data with normal cell* suggest. An additional 
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unique feature of OCKMl cells is the presence of Epo 
rocepiorfi at levels significantly higher than in any other 
human line tested." Although the line does not differentiale 
in the presence of Epo, certain aspects of £po interaction 
with its receptor could be explored In this line. 

Studies of globin expression in the two lines by a variety of 
approaches (immunofluorescence, isoelectric focusing of 
hemoglobin and gjobin chains* or studies at the mRN A level) 
uncover further interesting features. This comprehensive 
approach emphafiites that caution should be exercised in the 
interpretation of data when only one method is used for 
globin analysis (ie. hemoglobin electrophoresis or isoelectric 
focusing). Modified globin chains (acelylaicd or glycosyl- 
ated) can lead 10 formation of hemoglobin bands with altered 
mobility and thus misidentification of hemoglobin species. 
The predominant globin expressed by both lines is the fetal. 
In addition, in OClM2 there is a significant expression of 
5-globin and high expression of f-chains (o-like embryonic 
chains) with less expression of < chains (^-like embryonic 
chains). Thii^ phenotype, like the one of H£L-R,*° under- 
scores the lack of coordinate expression of the two types of 
embryonic chains («. f) and shows, in addition, a segregated 
expression of the two adult-type chains (5 and fi)- Moreover, 
when the globin expression was analyzed at the cellular level 
through fluorescent antibody studies, it became Clear that 
the majority of adult globin (S)-producing OC!M2 cells do 
not coexpress 7 or f chains (Fig 7). This heterogeneity in the 
ceilular expression of globins is of interest and allows some 
leslaWc predictions. If there are inherent and siaWe differ- 
ences among cells of each line in their potential 10 express 
certain globin phenotypcs, then in subcloning experiments 
one would expect distinct patterns in globin expression (ic, 
expression Of either y- or i/?-globin,). However, subcloning 
studicK in the present lines as well as in HBL and K562 cells 
failed to generate segregated globin patterns and showed the 
same heterogeneity present in the parental cells. These data 
arc compatible with the notion that the cells of each eryihro- 
IcUkcmla line have a given probability (stochastic?) to 
express a particular set of globins and it is this potential that 
is inherited in the subclones rather than a stable expression of 
one or another globin. Although extreme variations in the 
relative proportion of globin chains can be generated, it is 
unclear how stable these patterns are ( Fig 6)- 

In summary, the present and previous daU with the 
crythroleukcmia lines allow the following interpretative con- 
clusions: {a) five of six crythroleukcmia lines (K562, HEU 
OCIMl, OCIM2. 1-AMA-S4) express marker* of multiple 
cell lineages. This may have some physiologic relevance in 
vivo since expression of markers from "UJegiiimatc" lineages 
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has been found only infrequently in primary Icukcmias other 
than orythroleukcmias.*' (6) They can adapt through induc- 
ers two disparate differentiativc pathways in vitro (ie, cry- 
ihroid with crythroid inducers or mcgakaryocytic/nMnocytic 
with phorbol esters), suggesting that cells at this stage, in 
contrast to their single-lineage counlerparU, are not phcno- 
typically rigid.** (c) They harbor an environment that allows 
activation of dcvelopmcnlally primitive globin programs (ic, 
fetal or embryonic) that are never manifested in fully mature 
normal erythroid cells. These programs may be aberrant 
because of leukemic transformation, or they may represent 
the expression of the globin potentials of normal progenitors 
at earlier differentia^on suges before their irreversible 
commitment to a specific lineage, {d) They have instructive 
features that can be exploited for diagnostic purposes in 
covert or cryptic crythroleukemias: for example, they can be 
heme deficieoi and ct chain deficient sO thai nonhcrtM)globin- 
ized cells might be a more frequent occurrence in eryihroleu- 
kemia than was previously apprtscialed. Therefore, markers 
other than hemoglobin may be more sensitive in uncovcnng 
the erythroid pbenotypc of leukemic cells (Anderson et aU 
Tomonaga ct al," a«d our own unpublished data), (e) They 
point to a close as^ociatioh of erythroid and megakaryocytic 
marker expression (four lines have prominent megakaryo- 
cytic markers), although both pure types of icukcmias are 
rare. The fact that this association may be of revelancc in 
normal difrcreniiaiion is iDustratcd by reports thai matura- 
tion of megakaryocytes is influenced by Epo" and that £po 
increases platelet production in vivo" and by the f^^'JJ 
suggestion that megakaryocytes possess Epo receptors.** 
Furthermore, in vitro it has been possible, as is the case with 
nomtal megakaryocytic and endoihelial cells* to enhance 
after ireatmcni with phorbol ester, their megakaryocytic 
phenotype and plaiclei-derived growth factor (PDGF)-like 
protein production (PDCF-A and -B by K562 and 
OClM2^'-''or PDGF-B by HEU cells.**) (/) Although none 
of the erytbroleukwnic lines responds to the physiologic 
regulator Of crythropoicsis Epo, our experience indicates that 
the primary leukemic cells from which these populaUons 
were selected were sensitive to Epo. 
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